signaling should be investigated as a strategy to improve dendritic cell-based anti-tumor immunotherapy.
Introduction

CD8
+ t cell responses are initiated in secondary lymphoid tissues by signals that are encountered by naïve CD8 + t cells during a brief interaction with dendritic cells. Priming signals are translated into molecular changes that have long-term impacts on the resulting effector and memory CD8 + t cell populations, a process known as programming [1] . In the case of stimulatory dendritic cells, these priming signals include antigenic peptide: MHC complexes, co-stimulatory molecules, and pro-inflammatory cytokines. the outcome of CD8 + t cell programming is dependent on the particular combination of priming signals encountered by naïve CD8 + t cells [2] . Factors that are integrated into programming include the duration and strength of tCr signaling, the identity and abundance of cytokines present in the local milieu, and the presence of various positive and negative co-stimulatory molecules [3] [4] [5] . CD80 (B7-1) and CD86 (B7-2) are expressed at high levels by activated dendritic cells and signal through CD28 expressed by CD8 + Abstract a promising strategy in tumor immunotherapy is the use of activated dendritic cells as vehicles for tumor vaccines with the goal of activating anti-tumor t cell responses. Current formulations for dendritic cellbased immunotherapies have limited effects on patient survival, providing motivation for further investigation of ways to enhance dendritic cell priming of anti-tumor t cell responses. Using a brief in vitro priming model, we have found that B7-H1 expressed by activated dendritic cells is integrated during priming of naïve CD8
+ t cells and functions to limit the differentiation of effector t cell responses. CD8 + t cells primed by B7-H1-deficient dendritic cells exhibit increased production of IFn-γ, enhanced target cell killing, and improved anti-tumor activity. additionally, enhanced memory populations arise from CD8 + t cells primed by B7-H1-deficient dendritic cells. Based on these findings, we suggest that early blockade of B7-H1 t cells [6] . Signaling downstream of CD28 ligation leads to the recruitment of molecules that enhance tCr signaling [7, 8] . In addition to positive co-stimulatory molecules, dendritic cells also express negative co-stimulatory molecules, such as B7-H1 (PD-l1), in order to fine-tune the priming of naïve CD8 + t cells. B7-H1, originally characterized by our laboratory in 1998, is a transmembrane protein expressed on the surface of multiple cell types [9] . B7-H1 is known to interact with both PD-1 and CD80 on CD8 + t cells, and signaling downstream of both receptors for B7-H1 has been shown in several models to negatively regulate tCr signaling [10] [11] [12] [13] . expression of B7-H1 by dendritic cells is up-regulated upon tlr-dependent activation, thus tempering the stimulatory capability of activated dendritic cells [14] . Much is known about the influence of B7-H1 signaling through PD-1 during the effector phase of an immune response for the induction of an exhausted phenotype in activated CD8 + t cells [15] . relatively, fewer studies have focused on the role of B7-H1 signaling during the priming stage of CD8 + t cell responses.
the goal of many anti-tumor immunotherapy approaches is the generation of tumor antigen-specific effector and memory CD8
+ t cell responses. Promising advances have been made recently in the development of dendritic cellbased anti-tumor immunotherapies, yet it is necessary to continue investigating means to improve patient outcomes [16] . In theory, an effective dendritic cell-based anti-tumor immunotherapy will be able to prime a robust anti-tumor CD8 + t cell response. In the process of conditioning dendritic cells to have stimulatory capacities for immunotherapy, expression of B7-H1 is likely induced, thus limiting the immunostimulatory capacity of the therapy. after taking into consideration the challenges of antigen selection and vaccine delivery, the limited success of patient outcomes in dendritic cell-based immunotherapy trials could be attributed in part to high expression of B7-H1 by the therapeutic dendritic cells. thus, we sought to investigate B7-H1 signaling encountered during CD8 + t cell priming and the impact on resulting CD8
+ t cell effector populations. In this study using a brief in vitro priming model for CD8
+ t cell programming, we have demonstrated that B7-H1 signaling is integrated into priming signals that determine CD8
+ t cell programming and influence the resulting CD8 + effector t cell population.
Materials and methods
Mice, cell lines, and reagents
Female wild-type (Wt) CD45.2 + C57Bl/6 (B6) mice were purchased from taconic Farms (germantown, nY, USa) and CD45.1 + congenic C57Bl/6-ly5.1 mice were purchased from national Cancer Institute. Ot-1 tCr (thy 1.1 + ) transgenic mice were provided by t. tian (Harvard University, Boston, Ma, USa). B7-H1 knockout (KO) C57Bl/6 mice were provided by l. Chen (Yale University, new Haven, Ct, USa). act-mOVa transgenic mice were purchased from the Jackson laboratory (Bar Harbor, Ma, USa). B7-H1 KO mice were used to produce B7-H1 KO act-mOVa transgenic mice in our animal facility. Mice were maintained under pathogen-free conditions and used at 8-12 weeks of age. B16-OVa murine melanoma cells were provided by r. Vile (Mayo Clinic, rochester, Mn, USa) and were cultured in rPMI 1640 medium (Cellgro, Hendon, Va, USa) with 10 % FBS (life technologies, Carlsbad, Ca, USa), 1 U/ml penicillin, 1 μg/ml streptomycin, and 20 mM HePeS buffer (all from Mediatech, Manassas, Va, USa). recombinant mouse gM-CSF and Il-4 were purchased from r&D Systems (Minneapolis, Mn, USa). Hamster anti-mouse B7-H1 mab (10B5) and PD-1 (g4) was obtained from hybridoma cells provided by l. Chen. Hamster antimouse B7-H1 mab (43H12) was provided by K. tamada (John Hopkins University, Baltimore, MD, USa). Studies were conducted in accordance with the national Institutes of Health guidelines for the proper use of animals in research and with local Institutional animal Care and Use Committee approval.
Flow cytometry analysis
Fluorochrome-conjugated abs against B7-H1, CXCr3, CD8, CD43, CD44, CD45.2, CD62l, CD80, CD86, CD90.1 (thy 1.1), CD90.2 (thy 1.2), CD107a, CD127, IFn-γ, Klrg-1, OVap/K b (25-D1.16), and PD-1 were purchased from BD Biosciences (Mountain View, Ca, USa), Biolegend (San Diego, Ca, USa), or eBiosciences (San Diego, Ca, USa). to detect intracellular cytokine levels, cells were incubated with golgiPlug (BD Biosciences) for 4 h prior to analysis. Cells were stained for surface antigens and then incubated in fixation buffer (Biolegend) for 20 min at room temperature, followed by permeabilization in permeabilization wash buffer (Biolegend). Fixed and permeabilized cells were then stained with abs for 20 min at room temperature. abs to akt, Bim, Blimp-1, eomes, and t-bet and fluorochrome-conjugated secondary abs were purchased from Cell Signaling (Danvers, Ma, USa). to detect the intracellular levels of akt, Bim, Blimp-1, eomes, and t-bet, t cells were first stained for surface antigens, then fixed with 2 % paraformaldehyde for 10 min at 37 °C, followed by permeabilization with ice-cold methanol for 30 min. after blocking with 15 % rat serum for 15 min, cells were stained with abs for 1 h at room temperature. after staining, cells were washed three times with incubation buffer before analysis. at least 100,000 viable cells were live gated on FaCScan or FaCSCailbur (BD Biosciences, USa) instrumentation. Flow cytometry analysis was performed using FlowJo software (tree Star, ashland, Or, USa).
Bone marrow dendritic cell culture Bone marrow (BM) was extracted from wild-type (Wt) act-mOVa or B7-H1 KO act-mOVa mice, and red blood cells were removed. Cells were cultured in Petri dishes at 2 × 10 6 /ml containing 10 ng/ml gM-CSF and 1 ng/ml of Il-4 (r&D systems) for 5-6 days. the resulting cell populations consisted of 50-80 % CD11c + cells. Poly (I:C) (Sigma) was then added at 10 µg/ml for 24 h.
In vitro t cell priming by dendritic cells
CD8
+ t cells were purified (easySep CD8 + t cell negative selection kit, Stem Cell technologies, Vancouver, British Columbia) from Ot-1 mice and incubated with activated BM-dendritic cells isolated form Wt act-mOVa or B7-H1 KO act-mOVa mice. after 20 or 4 h of co-culture, CD11c
+ dendritic cells were removed from culture by a magnetized MaCS column (Miltenyi Biotec). the primed CD8
+ t cells were cultured in fresh medium in a new culture plate for additional 40 h before functional assay or transfer.
analysis of primed CD8
+ t cells and in vivo cytotoxic t lymphocyte (Ctl) assay lymphocytes from lung or spleen were incubated in digestion buffer (rPMI medium containing 5 % fetal bovine serum, 0.02 % collagenase IV, 0.002 % Dnase I and 10 U/ml of heparin) for 40 min before use in phenotypic and functional assays. Primed Ot-1 CD8 + t cells were isolated and re-stimulated with OVa peptide (SIInFeKl, Sigma, 0.2 µg/ml) in the presence of 1 µl/ml of golgiPlug™ (BD Bioscience) for 4 h ex vivo. Following incubation, cell surface staining was performed followed by fixation, permeabilization, and intracellular staining. For the in vivo Ctl assay, OVa peptide-pulsed or control peptide-pulsed spleen cells (as target cells) from syngeneic mice were labeled with a high dose of CFSe (5 μM) or low dose of CFSe (0.5 μM), mixed at 1:1 (2.5 × 10 6 of each) before injection. target cells were intravenously injected into immunized mice on day 4 after re-challenge with cognate antigen protein. the Ctl activity was determined 4 h after target cell transfer. Specific lysis was calculated using the following formulas: ratio = (% CFSehigh /% CFSe low ), % specific lysis = [1 − (ratio primed/ ratio unprimed)] × 100 %. tumor studies Mice were inoculated intravenously with 5 × 10 5 B16-OVa tumor cells. On day 7 post-tumor injection mice were intravenously injected with primed Ot-1 CD8 + t cells (1 × 10 5 ). On day 14 after t cell transfer, mice were sacrificed, and the number of tumor foci on the lung tissue was counted.
Statistical analysis all statistical analyses were performed using graphPad Prism software 5.0 (graphPad Software, Inc., San Diego, Ca, USa). a two-sided, unpaired or paired Student's t test was used to assess statistical differences in experimental groups. a p value <0.05 was considered statistically significant.
Results
B7-H1 signaling during the priming phase influences the differentiation of effector CD8 + t cells in vitro
In previous studies, our laboratory has demonstrated that immunization with B7-H1-deficient dendritic cells or immunization with dendritic cells in combination with B7-H1 blockade induced strong CD8 + t cell responses capable of rejecting established tumors [14] . these results suggest that in the absence of B7-H1 signaling, dendritic cells are able to prime an enhanced CD8 + t cell response. We were interested in further investigating the influence of B7-H1 signaling on the priming of naïve CD8 + t cells by dendritic cells. Using a brief in vitro t cell priming model [17] [18] [19] , we investigated the influence of B7-H1 expressed by dendritic cells on CD8 + t cell proliferation and acquisition of effector functions. CD8 + t cells were isolated from spleens of naïve Ot-1 mice and co-cultured with poly I:C-activated bone marrow-derived dendritic cells from Wt act-mOVa or B7-H1 KO act-mOVa transgenic mice (mice that express membrane-bound class I-restricted OVa on the surface of all nucleated cells) [20] . after 20 h of coculture, the Ot-1 CD8
+ t cells were re-isolated from the act-mOVa dendritic cells using a CD11c negative selection protocol, ensuring that all CD11c + DCs were removed from the t cell population. the primed CD8 + t cells were then maintained in culture for an additional 40 h, followed by a brief re-stimulation with OVa peptide to assay proliferation and effector functions (Fig. 1a) . the level of proliferation, as indicated by CFSe dilution, was similar for CD8 + t cells primed by Wt act-mOVa or B7-H1 KO act-mOVa dendritic cells (Fig. 1b) Fig. 1c, d ). CD8 + t cells primed by B7-H1 KO dendritic cells also produced more IFn-γ on a per-cell level as compared to CD8 + t cells primed by Wt dendritic cells (p < 0.01, Fig. 1e ). CD8 + t cells cultured under these conditions up-regulated surface expression of both receptors for B7-H1, PD-1 and CD80, within the 20 h time frame that the CD8 + t cells were co-cultured with the dendritic cells ( Supplementary Fig. 1 ). We went on to test whether a shorter co-culture period would produce similar results. as shown in Supplementary Fig. 2B , after a 4 h coculture period, Ot-1 CD8 + t cells primed by either Wt act-mOVa or B7-H1 KO act-mOVa dendritic cells underwent similar levels of proliferation, as indicated by CFSe dilution. CD8 + t cells primed by B7-H1 KO dendritic cells for 4 h produced more IFn-γ as compared to CD8 + t cells primed by Wt dendritic cells ( Supplementary Fig. 2C-e) .
together, our data indicate that B7-H1 signaling is integrated into the programming of naïve CD8 + t cells by activated dendritic cells, influencing the acquisition of effector functions by primed CD8 + t cells. We next wanted to confirm that the results obtained using B7-H1 KO DC could be recapitulated by using antibodies that block B7-H1 signaling. Using the same brief in vitro priming model as described above, we co-cultured naïve CD8
+ t cells from Ot-1 mice with poly I:C-activated bone marrow-derived dendritic cells from Wt act-mOVa mice for 20 h. the co-culture was done in the presence of various blocking antibodies that either inhibit the interaction between B7-H1 and both PD-1 and CD80 (10B5 antibody), or selectively inhibit the interaction between B7-H1 and PD-1 (g4 antibody) or between B7-H1 and CD80 (43H12 antibody). as shown in Supplementary Fig. 3 , there was no significant difference in the proliferation of CD8 + t cells primed by Wt act-mOVa DC in the presence of the various blocking antibodies. this result is in accordance with the data obtained by priming CD8
+ t cells with Wt or B7-H1 KO DC. We went on to look at IFn-γ production by CD8 + t cells primed by Wt DC in the presence of the same blocking antibodies. as shown in Supplementary  Fig. 4 , when B7-H1 signaling is blocked during CD8 + t cell priming, the resulting CD8 + t cells produce increased levels of IFn-γ, in accordance with the data obtained by priming with B7-H1 KO DC. We found that IFn-γ production is enhanced when the interaction between B7-H1 and both PD-1 and CD80 is blocked and when the interaction between either B7-H1 and PD-1 or B7-H1 and CD80 is selectively blocked. We also investigated the expression levels of CD80 and CD86 by Wt act-mOVa and B7-H1 KO act-mOVa activated DC, as shown in Supplementary  Fig. 5 . there are similar expressions of CD80 and CD86 as well as antigen presentation (OVap/K b , detected by 25-D1.16 antibody) between B7-H1 KO act-mOVa DC and Wt act-mOVa DC. thus, we believe that the differences in t cell priming are due to B7-H1 expressed by DCs.
CD8
+ t cells primed by B7-H1 KO dendritic cells have increased Ctl activity and anti-tumor function We next asked whether CD8 + t cells primed in our in vitro system could undergo further differentiation into effector cells in vivo. to test in vivo Ctl function of the in vitroprimed CD8
+ t cells, we transferred into Wt B6 hosts 1 × 10 5 Ot-1 CD8 + t cells that had been primed by Wt act-mOVa or B7-H1 KO act-mOVa dendritic cells for 20 h in vitro. Five days after t cell transfer, we injected OVa peptide-pulsed (labeled with a high dose of CFSe) or control peptide-pulsed (labeled with a low dose of CFSe) B6 splenocytes into host mice as target cells for an in vivo + t cells were purified from the spleens of naïve Ot-1 mice and co-cultured for 20 h with activated dendritic cells derived from the bone marrow of Wt or B7-H1 KO act-mOVa mice. CD8
+ t cells were then re-isolated from the dendritic cells and maintained in culture for 40 h. a experimental design. b Proliferation (CFSe dilution) and c IFn-γ production by primed CD8 + t cells was assayed by flow cytometry after a 4 h re-stimulation with OVa peptide. numbers are percentages. d Bar graphs show the average percent of IFn-γ + CD8 + t cells and e levels (MFI) of IFn-γ production by CD8 + t cells (mean ± SD, n = 3). One of three independent experiments is shown cytotoxicity assay. Four hours after target cell injection, spleens of the host mice were harvested and analyzed for remaining CFSe-labeled target cells. as shown in Fig. 2 ). On day 33 after t cell transfer, spleens and lungs were harvested and the remaining transferred cells were analyzed. In the lung tissue, there were a significantly higher number of CD8 + t cells primed by KO dendritic cells remaining after transfer as compared to the number CD8 + t cells primed by Wt dendritic cells that were remaining (p < 0.01, Fig. 4a ). In contrast, there were equivalent numbers of CD8 + t cells primed by Wt or KO dendritic cells in the spleen on day 33 after cell transfer (Fig. 4c) . these data indicate that B7-H1 KO dendritic cells prime an enhanced memory CD8 + t cell population based on the increased number and peripheral tissue localization of CD8 + t cells primed by B7-H1 KO dendritic cells.
More memory CD8 + t cells generated in mice immunized with B7-H1 KO dendritic cells Our results using an in vitro priming model indicate that B7-H1 signaling during a brief priming period has longterm impacts on the resulting memory CD8 + t cell population. We wanted to further characterize the impact of B7-H1 signaling received during priming on the generation of durable memory responses. to do so, naïve Ot-1 CD8 + t cells (CD45.2 + ) were transferred into Wt hosts, were primed in vitro as described above. after the 20 h co-culture 1 × 10 5 primed CD8 + t cells were injected into naïve B6 hosts (CD45.1 + ). Host mice were killed on day 33 after t cell transfer. Bar graph shows absolute cell numbers of CD45.2 + cells in lung (a) and spleen (b) of host mice, determined by flow cytometry. c Splenocytes were re-stimulated ex vivo for 4 h with OVa peptide, followed by flow cytometry analysis of surface phenotype, degranulation (CD107a expression), and IFn-γ secretion (mean ± SD, three mice per group) followed by transfer of Wt act-mOVa or B7-H1 KO act-mOVa-activated dendritic cells to achieve in vivo priming of the transferred t cells. On day 30 after transfer of the activated dendritic cells, the CD45.2 + population of in vivo primed Ot-1 CD8 + t cells was analyzed in the lung and spleen of host mice. In both lung and spleen, we detected an increased frequency of CD45.2 + CD8 + t cells in mice that received B7-H1 KO dendritic cells as compared to Wt dendritic cells (Fig. 5a, b) , corresponding to our in vitro priming data. these memory cells are functional as indicated by IFn-γ production and degranulation (CD107a expression) after a 4 h ex vivo re-stimulation with OVa peptide (Fig. 5a, b) . the absolute cell numbers of CD45.2 + CD8 + t cells that produced IFn-γ was significantly increased in both lung and spleen of mice that received B7-H1 KO dendritic cells as compared to Wt dendritic cells (Fig. 5c, d ), again corresponding with our in vitro priming data. the phenotypes of the memory CD8 + t cells generated by Wt or B7-H1 KO dendritic cells were comparable; they were all CD44 high and 40-50 % were CD62l high (data not shown). We found that CD8 + t cells primed in vitro by B7-H1 KO dendritic cells had enhanced anti-tumor activity (Fig. 3) , so we next investigated the recall response to tumor antigen of in vivo primed memory CD8 + t cells. Mice were immunized with activated Wt act-mOVa or B7-H1 KO act-mOVa dendritic cells, and on day 30, following immunization was challenged with B16-OVa tumor cells (intravenous injection). Four days after tumor cell injection, lymphocytes were isolated from lung and spleen of immunized mice and re-stimulated ex vivo with OVa peptide. as shown in Fig. 6 , there was an increase in the frequency and number of IFn-γ-producing memory CD8 + t cells in the lungs of mice immunized with B7-H1 KO dendritic cells compared to Wt dendritic cells (p < 0.01). We detected a comparable expansion of IFn-γ + memory CD8 + t cells in the spleens of mice immunized with either Wt or B7-H1 KO dendritic cells (Fig. 6a, b) . altogether, indicating that priming by B7-H1 KO dendritic cells leads to the generation of memory CD8
+ t cells with preferred localization to peripheral tissues and enhanced recall responses to surrogate tumor antigens.
Discussion
the concept of t cell programming predicts that a brief encounter with antigen-presenting cells triggers a cellular program leading to autonomous expansion and subsequent differentiation of t cells [1] . Our study demonstrates that during a brief interaction between dendritic cells and naïve CD8 + t cells, regulatory signaling from B7-H1 expressed by dendritic cells is integrated into t cell programming to restrain the differentiation of effector t cells. When naïve CD8 + t cells were primed by B7-H1 KO dendritic cells in vitro, they were able to acquire enhanced Ctl activity and displayed increased anti-tumor activity as compared to effector cells primed by Wt dendritic cells. In addition, the memory population arising from in vitro priming of naïve CD8 + t cells by B7-H1 KO dendritic cells was enhanced in both frequency and function as compared to the population resulting from priming by Wt dendritic cells. Mice immunized with B7-H1 KO dendritic cells also exhibited enhanced anti-tumor memory CD8
+ t cell responses as compared to mice immunized with Wt dendritic cells.
In recent years, a series of studies have investigated the influence of B7-H1 on t cell activation. Using an in vitro activation model in which t cells and dendritic cells are cocultured for 3-5 days, multiple investigators have reported that B7-H1 expressed by dendritic cells limits the proliferation and cytokine production of the activated t cells [21] [22] [23] . goldberg et al. [24] demonstrated in vivo that B7-H1/PD-1 interactions regulate early-fate decisions of CD8 + t cells during the induction of tolerance by transferring naïve Ha-transgenic CD8 + t cells into Ha-expressing hosts, then analyzing the resulting CD8 + effector t cells on day 4 after transfer. Benedict et al. [25] demonstrated that CMV-infected dendritic cells have decreased expression of MHC and positive co-stimulatory molecules, but selectively maintain high expression of B7-H1. as a result of this phenotype, CMV-infected dendritic cells were unable to prime effective CD8 + t cell responses in a 70 h in vitro priming model; however, the addition of anti-B7-H1-blocking antibody to the co-cultures restored the stimulatory capacity of the infected dendritic cells, implicating a role for B7-H1 in limiting the priming of t cell responses. Our laboratory, using a dendritic cell immunization model, also reported a role for B7-H1 expressed by activated dendritic cells in limiting the expansion and proliferation of effector CD8 + t cells [14] . Our findings reported here are novel in that we used an in vitro priming model in which naïve CD8 + t cells are co-cultured with activated dendritic cells for only 20 h (Fig. 1) . this model is based on a series of publications in which investigators determined that 20 h is the optimal time period that is required for Ctl priming [17, 18] . according to those findings, co-culture periods of naïve t cells and activated dendritic cells lasting several days are not necessary to achieve full Ctl activation. By using a brief 20 h in vitro co-culture, we can be confident that we are investigating the influence of B7-H1 signaling specifically during the priming phase of a CD8 + t cell response.
B7-H1 signaling is generally considered to be most important in restraining the effector functions of activated t cells in the periphery [13] , but as described above, our group and others have characterized a role for B7-H1 signaling in restraining the activation of t cell responses. Importantly, we demonstrate here that the binding partners for B7-H1, PD-1 and CD80, are both expressed by CD8 + t cells within 4 h of initiating the co-culture of naïve CD8 + t cells with activated dendritic cells (Supplementary Fig. 1 ). We found that CD8 + t cells primed by B7-H1 KO dendritic cells exhibited enhanced effector functions, including increased IFn-γ production (Fig. 1) , enhanced Ctl killing (Fig. 2) , and improved anti-tumor activity (Fig. 3) . thus, we conclude that B7-H1 signaling during a 20-h in vitro co-culture period limits the priming of effector CD8 + t cell responses. the linear differentiation model of memory generation proposes that memory CD8 + t cells arise from the effector cells that survive the contraction phase of an immune response [19] . according to this model, an enhanced effector CD8 + t cell population will lead to the formation of a superior memory CD8
+ t cell population. In line with this idea, we found that priming naïve CD8 + t cells with B7-H1 KO dendritic cells led to the development of an improved memory population as demonstrated by an increase in the number and peripheral localization of memory cells arising from CD8 + t cells primed by B7-H1 KO dendritic cells (Figs. 4, 5 ). In addition, the memory population arising from CD8 + t cells primed by B7-H1 KO dendritic cells exhibited an enhanced recall response to antigen (Fig. 6) .
We have yet to determine the mechanism by which B7-H1 signaling during priming limits the differentiation of effector CD8 + t cells. We found no differences in the expression levels of the transcription factors responsible for regulating effector and memory cell differentiation (t-bet, eomes, and Blimp-1) in CD8 + t cells primed by Wt or B7-H1 KO dendritic cells (data not shown). In another study, we have characterized a role for B7-H1 in inducing apoptosis in effector CD8 + t cells by inducing an increase in Bim protein levels [26] . Here, we found that B7-H1 signaling during the priming phase had no effect on Bim protein levels (data not shown). Since CD8 + t cell priming is influenced in part by cytokine signaling, we also investigated the cell surface expression levels of various cytokine receptors (CD25, CD127, CD122, CD212, and IFnar) on CD8 + t cells primed by Wt versus B7-H1 KO dendritic cells and found no differences (data not shown). thus, further investigations are warranted to determine the mechanism by which B7-H1 signaling during the priming phase regulates CD8
+ t cell effector differentiation. a promising strategy for anti-tumor immunotherapy is the use of activated dendritic cells to prime anti-tumor CD8 + t cell responses. Clinical trials using this approach have proven successful, resulting in recent FDa approval for their use in the treatment of late-stage metastatic prostate cancer [16] . Current formulations for dendritic cellbased immunotherapies are capable of prolonging patient survival by only 4 months, providing motivation for further investigations of ways to enhance dendritic cell priming of anti-tumor immune responses. as B7-H1 is up-regulated during dendritic cell activation [14] , the activated dendritic cells used for therapy likely express high levels of B7-H1. according to our data presented here, this B7-H1 expression could be responsible for limiting the differentiation of anti-tumor CD8 + t cells in response to dendritic cell-based therapies. thus, we suggest that early blockade of B7-H1 signaling should be included in studies investigating the development of improved dendritic cell-based vaccination formulations.
In summary, our findings suggest that B7-H1 expressed by activated dendritic cells signals during the priming of naïve CD8
+ t cells, resulting in negative regulation of the differentiation and acquisition of effector cell function, and subsequently limits the generation of effective memory CD8 + t cell populations. these results contribute to the understanding of how B7-H1 signaling influences various stages of CD8 + t cell responses, information that is clinically relevant in the design of anti-tumor immunotherapies.
